Purpose: This study was done to evaluate the usefulness of preoperative computed tomography (CT) and intraoperative laparoscopic ultrasound to facilitate treatment of gastric submucosal tumors. Materials and Methods: The feasibility of laparoscopic wedge resection as determined by CT findings of tumor size, location, and growth pattern was correlated with surgical findings in 89 consecutive operations. The role of laparoscopic ultrasound for tumor localization was analyzed. Results: Twenty-three patients were considered unsuitable for laparoscopic wedge resection because of large tumor size (N=13) or involvement of the gastroesophageal junction (N=9) or pyloric channel (N=1). Laparoscopic wedge resection was not attempted in 11 of these patients because of large tumor size. Laparoscopic wedge resection was successfully performed in 65 of 66 (98.5%) patients considered suitable for this procedure. Incorrect interpretation of preoperative CT resulted in a change of surgery type in seven patients (7.9%): incorrect CT diagnosis on gastroesophageal junction involvement (N=6) and on growth pattern (N=1). In 18 patients without an exophytic growth pattern, laparoscopic ultrasound was necessary and successfully localized all lesions. Conclusions: Preoperative CT and laparoscopic ultrasound are useful for surgical planning and tumor localization in laparoscopic wedge resection.
, and Sung Hoon Noh 1, 4 Departments of 1 Surgery, mucosa, are included in the "submucosal" category by convention. is widely performed technique to locate small lesions, (12) it is a complex procedure, requiring experience and specific instruments in the operating room and is also associated with unwanted distension of upper gastrointestinal tract, resulting in the compromise of visual filed and laparoscopic manipulation of stomach. (13) Over the past decade, multidetector computed tomography (CT) has been developed for the preoperative evaluation of gastric neoplasms, (14, 15) and the utility of intraoperative laparoscopic ultrasound (LUS) for tumor localization during gastric resection has been also mentioned in several case reports. (8, 11, 16) Thus, the purpose of our study was to evaluate the utility of image-based surgical approaches using preoperative CT and intraoperative LUS to facilitate minimally invasive treatment of gastric submucosal tumors.
Materials and Methods
Patients
From January 2003 to December 2007, eighty-nine consecutive patients with gastric submucosal tumors detected on endoscopy and CT were referred for surgical treatment. We retrospectively analyzed 89 consecutive gastric SMT resections using a prospectively collected database. Informed consent was obtained from all patients prior to endoscopy, CT scanning, and surgery. surgery for gastric SMT were as following; 1) a tumor size larger than 2 cm, 2) a tumor with symptom of obstruction or ulcer with bleeding regardless of size of the tumor, or 3) a growing tumor confirmed by serial follow-up endoscopy or CT scanning, even if the tumor size was less than 2 cm.
Imaging technique 1) Endoscopic gastroduodenoscopy
Endoscopy of the upper gastrointestinal tract was performed by attending gastroenterologists during the preoperative evaluation.
End-viewing fiberoptic panendoscopes (GIF-Q260, GIF-H260;
Olympus, Tokyo, Japan) were used after intravenous administration of 5 mg midazolam (Taro Pharmaceutical International, Yakum, Israel) with the use of standard practices.
2) CT technique
CT scans were subsequently performed using one of three multisection CT scanners (4-, 16- In equivocal cases, we estimated the distance using an electronic cursor on the PACS system or using oblique planar reformatted images displaying the shortest distance between the gastric extremities and the tumor margin (Fig. 2 ).
The candidates for laparoscopic wedge resection were classified into subgroups with or without the exophytic component based on CT findings. In cases with an exophytic component, an extraluminal wedge resection was planned. However, in cases without the exophytic component, we applied a transgastric approach for lesions located in the posterior wall and an eversion technique for lesions located in the anterior wall under the guidance of LUS localization, which was used because the laparoscopy alone could not localize the lesion. Results from the image-based approach are shown in Fig. 4 and 5. According to our criteria for laparoscopic wedge resection, 23 patients were considered unsuitable based on preoperative CT imaging results (Fig. 4) . Thirteen patients were excluded due to tumor sizes over 7 cm (range 7.1~28 cm). Open surgery was planned and performed in 11 patients with large tumors. However, two patients with tumor sizes of 7.3 and 7.4 cm were treated by laparoscopic wedge resection because these patients wanted laparoscopic operation. Nine patients were considered not to be suitable for laparoscopic wedge resection due to gastroesophageal junction involvement closer than 1 cm. Three patients underwent laparoscopic gastrectomy as predicted (proximal subtotal gastrectomy, N=2; total gastrectomy, N=1). However, laparoscopic wedge resections were possible for the remaining six patients. One patient could not undergo laparoscopic wedge resection due to pyloric channel involvement and instead underwent laparoscopic distal subtotal gastrectomy.
Sixty-six patients were considered to be suitable for laparoscopic wedge resection based on CT imaging ( 
